Coexisting hypertension increases the morbidity and mortality associated with diabetes, and may be more so in less educated people. We analysed data from 49 904 Canadians 40-64 years of age who participated in the Canadian Community Health Survey, 2000-2001. Multiple classification analysis was used to adjust for covariates. Population weight and design effect of the survey were taken into account in the analysis. The association between hypertension and hospitalization varied according to diabetes and education. The adjusted difference in hospitalization incidence attributable to hypertension was significantly higher for the lower education group than the higher education group, and such a pattern tended to be more pronounced among diabetic people. The adjusted incidence difference attributable to hypertension was higher in the diabetic group (8.8, 95% confidence interval (CI): 4.6, 13.0%) than in the non-diabetic group (4.6, 95% CI: 3.6, 5.6%) for people with low education, but was similar for those with well-educated people. Possible reasons for the modifying effect of education on the relationship among hypertension, diabetes and hospitalization were discussed.
Introduction
Diabetes is one of the most serious chronic conditions affecting health. 1, 2 In Canada, diabetes is a common disease associated with preventable premature death 3 and avoidable hospitalizations. 4, 5 Approximately, 9% of all hospital admissions were associated with diabetes in Canada. 1 Circulatory conditions including hypertension and cardiovascular diseases are the most common comorbid conditions for diabetic inpatients. 1 Adequate control of blood pressure is one of the most important management strategies for diabetic patients. 1, 6 Education may play an important role in management of high blood pressure and diabetes. In this analysis, we assessed the impact of education on the association of diabetes and hypertension with overall hospitalization.
Materials and methods
This analysis was based on the first cycle of the Canadian Community Health Survey (CCHS) conducted in [2000] [2001] . 7 The methodology for this survey has been detailed elsewhere. 7 The target population of the survey was household residents aged 12 years or older in all the 10 provinces and three territories. The survey is a multistage stratified cluster sampling design with the dwelling to be the final sampling unit. Sample units from the area frame were interviewed using the Computer-Assisted Personal Interviewing (CAPI) method and units from the Random Digit Dialing (RDD) and telephone list frames were interviewed using the Computer-Assisted Telephone Interviewing (CATI) method. 7 A representative national sample of 136 937 households was selected for the CCHS, with a national combined response rate of 84.7%.
The present study was based on data from 49 904 subjects 40-64 years of age (23 864 men and 26 040 women) who responded to questions about diabetes, hypertension and hospitalization. Only 132 subjects (0.26%) did not respond to one or more of these questions and therefore were excluded from the analysis. The survey asked about 'long-term conditions' that had lasted or were expected to last 6 months or more and that had been diagnosed by a health professional. Respondents who answered the following questions affirmatively were considered as having diabetes or hypertension: 'Do you have diabetes diagnosed by a health professional?' or 'Do you have high blood pressure diagnosed by a health professional?' Subjects were asked whether they had been overnight patients in a hospital during the past 12 months. The subjects were not asked to specify reasons for hospitalization.
Subjects were grouped into two education categories. Subjects not proceeding beyond secondary school were classified into the lower education group. The higher education group included those admitted to college or university and those with a post-secondary school certificate or diploma. Other variables included in the analysis were age (40-44, 45-49, 50-54, 55-59, 60-64 years), income (low, high), smoking status (non-smoking, ex-smoking, current smoking) and marital status (married or common law or partner, single, separated or divorced or widowed). Body mass index (BMI) was calculated from the equation: BMI ¼ weight (kg)/ height (m) 2 , with classifications of less than 20.0, 20, 0-24.9, 25.0-29.9 and 30.0 or more.
We calculated the 1-year cumulative incidence of overall hospitalization according to diabetes, hypertension and various risk factors. Multiple classification analysis 8 was used to obtain adjusted cumulative incidence of hospitalization and risk differences according to diabetes and hypertension after taking sex, age, BMI, marital status, smoking status and income adequacy into consideration. The relationship between overall hospitalization and hypertension was examined among people with and without diabetes, and then further stratified by educational level.
We used average design effect estimates to take the complex survey design into consideration. The average design effect was 2.44 for individuals aged 40-64 years. 7 We used an approximate method to incorporate population weight and design effect into the point and variance estimation. 9 
Results
Men and women had no marked differences in the prevalences of diabetes (5.5% for men, 4.5% for women) and hypertension (15.1% for men, 16.2% for women), and 1-year incidence of hospitalization (6.4% for men, 7.3% for women), and were therefore pooled in the present analysis. Table 1 describes the 1-year cumulative incidence of overall hospitalization according to various factors among the Canadian population 40-64 years of age after taking the complex survey design into consideration. Hospitalization incidence increased with age. There seemed to be a 'U' shape relationship between hospitalization incidence and BMI; both obese and underweight people had an increased risk of hospitalization. Single, separated, divorced or widowed people were more likely to be hospitalized than married people. People with lower educational level or from lower income families had a higher hospitalization incidence than those with higher levels of education or income. Current and former smokers had a greater incidence of hospitalization than non-smokers. Table 2 displays the incidence of overall hospitalization associated with diabetes and hypertension. Using multiple classification analysis, the adjusted annual hospitalization risks attributable to diabetes and hypertension were 8.8% (95% confidence interval (CI): 7.8, 9.9%) and 4.4% (95% CI: 3.8, 5.1%), respectively. Diabetes and hypertension associated hospitalization M Lin et al Table 3 and Figure 1 show overall hospitalization associated with hypertension, diabetes and educational level. The relationship between hypertension and overall hospitalization was modified by educational level among people with or without diabetes (significance test for interaction: P ¼ 0.05 for the diabetic group, P ¼ 0.02 for the nondiabetic group). The adjusted absolute incidence difference attributable to hypertension was significantly higher for the lower education group than the higher education group, and such a pattern tended to be more pronounced among diabetic people. Table 3 shows that the adjusted incidence difference attributable to hypertension was similar for well-educated people with and without diabetes (2.4% (95% CI: 1.9, 6.7%) vs 2.8% (95% CI: 1.9, 3.6%)). For people with lower education, however, the corresponding absolute hospitalization incidence difference was significantly higher in diabetic people (8.8% (95% CI: 4.6, 13.0%)) than in non-diabetic people (4.6% (95% CI: 3.6, 5.6%)). 
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Discussion
Similarly to previous studies, 1, 10 we found that people with diabetes had a greater risk of hospitalization than people without diabetes, and that among diabetic individuals the risk of hospitalization was greater with concomitant hypertension than those without hypertension. In the present study, almost half (43%) of diabetic people but only 14% of non-diabetic people reported having hypertension. Hypertension increases the risk of renal disease, cardiovascular disease and stroke. 10 Compared to diabetic normotensive individuals, the risk of stroke or cardiovascular diseases is almost doubled when hypertension coexists with diabetes. 6 Intensive control of blood pressure reduces cardiovascular morbidity and mortality in diabetic patients. 11 In our study, the additional risk of hospitalization associated with hypertension was significantly higher in people with lower education than others, especially for those with diabetes. Most previous studies have focused on individual effects of socioeconomic status, hypertension, diabetes and hospitalization, 4, 12, 13 whereas few studies have explored interrelationships among all these variables. Booth and Hux 4 reported that diabetic patients from lowincome neighbourhoods had an excess number of avoidable hospitalizations in Ontario. An analysis using data from the Behavioral Risk Factor Surveillance System (BRFSS) demonstrated that income and education were lower in diabetic women than in non-diabetic women; men were not part of the analysis. 12 One study observed no significant differences in blood pressure among different income quartiles. 14 Multiple underlying factors might contribute to the modifying effect of education observed in this study. Better educated people may have more health-related knowledge, be more likely to choose healthier lifestyles, and have more favourable employment conditions. 15 Patient education has been recognized to play an important role in reducing the mortality and morbidity of diabetes. 16, 17 In a US study, two-thirds of diabetic patients had never received diabetes education. Among type II diabetic patients in the US, people with more than 12 years of education had almost twice the likelihood of having received diabetes education as compared with those having less than 9 years of education. 16 The effectiveness of patient diabetes education programs might be challenged by the complex aspects of living with diabetes such as disease severity, comorbidities, complications and patient's socioeconomic context.
In the present study, among diabetic people without hypertension, educational level appears to have had little impact on hospitalization incidence (14.1% for lower education vs 14.9% for higher education). In contrast, the educational level had a significant impact on hospitalization among diabetic people with hypertension (22.9% for the lower education group and 17.3% for the higher education group). A European study suggested that uneducated people are more knowledgeable of diabetes and its damage, as compared with hypertension and its risk factors. 18 A secondary analysis using data from the Canadian Heart Health Survey found that hypertensive patients receiving antihypertensive treatment but not achieving the target blood pressure at the 140/90 mm Hg level were more likely to be diabetic and of lower socioeconomic status as compared with those having controlled blood pressure. 19 Previous studies also found that hypertensive patients with low education were more likely to report non-adherence than those with high education, 20 and hospitalization rate was higher for patients with low medication adherence. 21 If less educated individuals are less knowledgeable about the importance of blood pressure control for prevention of diabetic complications, they will be less likely to adherent to therapy than better educated individuals.
Better educated patients tended to have healthier lifestyles. 22 In our study, diabetic people with higher education had a lower prevalence of current smoking and a higher proportion of regular exercise as compared with those with lower education. However, adjustment for smoking and regular exercise in our own analysis did not change the results substantially. Although older people had a slightly higher proportion of lower education, age did not explain the modifying effect of education.
Education could also be a determinant of healthcare utilization. However, access to health care is complex and involves many dimensions. Hospitalization can reflect underlying health status, provider practices and patient factors. 5 People having difficulty receiving outpatient care may experience a higher rate of hospitalization for chronic diseases. 23 However, regular access to primary care does not always correspond to better management of chronic disease. 24 In our study, diabetic people with lower education had more frequent family doctor visits in the past year than those with high education. Therefore, a lower rate of access to outpatient services is unlikely to be an important reason for the modifying effect of education in our study.
One study conducted in Denmark reported response rates were positively associated with educational level in health surveys. 25 Differential non-response across educational levels might also exist in this survey; however, it is not known how this is related to disease conditions or causes any bias in association estimation. Another limitation of this study is lack of information on the reasons for hospitalization. Cardiovascular diseases and hypertension are the most common comorbid conditions among hospitalizations in diabetic patients in Canada.
1 When self-reported heart disease was included in the models, the modifying effect of education on the relationship between hypertension and overall hospitalization remained. The present study was based on self-reported health outcomes. Hospitalization is a major event for people, and recall bias would be minimal. A number of studies have shown an excellent agreement for the diagnosis of diabetes between self report and medical records. 26, 27 The accuracy of self-reported hypertension varies, with a sensitivity ranging from 50 28 to 71%. 29 Vargas et al. 29 found that the validity of self-reported hypertension was higher among persons with a medical visit during the past year than those without. In our study, nearly 80% of those 40-64 years of age visited family doctors or had their blood pressure checked in the previous year. This proportion was up to approximately 95% for diabetic people.
In summary, we observed a modifying effect of education on the relationship between hypertension and hospitalization, which tended to be more pronounced in diabetic people. Special attention should be paid to less educated patients to reduce their risk of serious conditions requiring hospitalization.
